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1.1

PRELIMINARY STUDY OF A PULSE CODE MODULATION DATA
ACQUISITION AND REDUCTION SYSTEM FOR SUPPORT
OF PROJECT APOLLO

1.0 BUMMARY

Pulse code modulation (PCM).- PCM is a means of providing a
digital representation of a time-varying analog signal. Such
a signal is sampled and then digitized by an analog-to-digital
converter. The output is usually in the form of a standard
IRIG serial non-return-to-zero (NRZ-information content indi-
cated by change in level) signal which is applied to the input
of an TM transmitter. Detection problems at the receiver are
reduced to discriminating between the absence or presence of

a pulse. A binary code is the most common, and its resolution
depends upon the number of digits in each code group. One of
the most prominent advantages of PCM is the complete regener-
ation of a signal which has been degraded in transmission
through the communications link. This regeneration process
extends far beyond that obtainable with other types of modu-
lation. '

The basic functions of a PCM data reduction system are signal
detection and regeneration (reconstruction of incoming signal);
synchronization (separation of individual channels, words and
frames from the serial input to the synchronizer); decommutation
(generation of control pulses to the digital-to-analog con-
verter); and digital-to-analog conversion (reconstruction of
analog waveform of individual channels).

Existing data reduction facilities involved in the Mercury
program do not have PCM capability. Atlantic Missile Range
(AMR) is in the process of adding a PCM capability. In |
general, it would not be feasible to modify equipment now in
use due to. the completely different format of PCM.

2.0 INTRODUCTION

The purpose of this paper is to present a preliminary study
of a facility capable of supporting the data requirements

of Project Apollio. The possibility of increased data loads,
which consequently might demand faster methods of data
reduction, indicates that modification of existing telemetry
acquisition and reduction facilities should be considered.
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3.1.1

In anticipation of this problem, a brief discussion of PCM, a
general approach to a PCM data reduction facility and the
possibility of modifying existing data reduction centers are
presented in this paper.

3.0 GENERAL

To gain any efficiency of transmission, information must be
processed in some way before being transmitted over an
intervening medium. This process is called the "modulation
process.'" Although there are many ways of producing modulated
signals, they are broken down into two basic forms - continuous-
wave modulation (C-W) and pulse modulation (FPM). PM realizes
more efficient utilization of transmission facilities.

Pulse Code Modulation (PCM).~ PCM is the digital representation
of a continuously varying analog signal sampled at discrete
intervals. Since noise introduced during transmission of a
signal makes it impossible for the demodulator circuit to
detect all fine variations in signal amplitude, there is no
need to transmit all signal amplitudes as is done in most
methods of modulation (analog methods). The analog methods

do not present a favorable exchange of bandwidth for signal-
to-noise ratio. In PCM, information is transmitted by means
of a code of a finite number of symbols representing a finite
number of possible values of the information at the time of
sampling. A binary code:is one example of the coding possible
in a PCM system and, because of the convenience of bistable
circuits such as multivibrators, is usually used in pulse-code
communications. This binary code can be transmitted as the
presence or absence of a pulse in a sequence of N pulses. The
chart in figure 1 compares a four-digit binary code to the
decimal digital system. Here, the number of different combi-

nations of wvalues is 2N where N is the number of digits in a
code group in which each digit has two possible values. As
was previously stated, a binary group is not the only one
which may be used. In general, for X digits and Y possible

values, the number of possible combinations is YX. Therefore,
in PCM a group of digits is used to represent the value of the
signal being sampled at discrete quantizing levels.

Sampling and digitizing.- Figure 2 is an example of a signal

being exposed to the quantizing levels. The levels are
separated "v" volts apart. The number of gquantizing levels
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is equal to the total voltage differential divided by the
voltage separating each level (L = V/v), From this develop-
ment, it is immediately obvious that PCM introduces a new
problem. Since the code can only transmit certain discrete
values, the signal must sometimes be "quantized" to the nearest
discrete value which can be transmitted by the code. The error
or "noise" introduced by quantizing is called quantization
error or quantization noise. The ramifications of this error
could be studied in great detail, but it is enough to say that
it can be minimized by decreasing the level separation "v";
i.e., increasing the number of levels "L" used. Figure 3

shows one process by which an analog signal is coded for PCM.

Coded system.- The final coded samples (fig. 3 (d)) are an
example of a four-digit binary system. Therefore, each set

of pulses has 2lP or 16 possible values. The maximum possible
error or guantization noise which could be introduced would
be one level out of 16 or 6.25 percent. The resolution of
the system is therefore 0.0625. This is not necessarily the
accuracy of the telemetered signal. To determine the value
of a series of pulses is quite simple. The presence or absence
of the pulse 1s the only criterion. For example, in a four-
digit binary system the method of evaluation is as follows:
each pulse from right to left in each particular group repre-
sents the number 2 raised to the power that corresponds to
the position of the pulse. The positions are "zero," "one,"
"two," and "three." The presence of a pulse in the "zero"
position represents the number 2 raised to the zero power or
1 (2° =1). A pulse in the "one" position represents the

number 2 raised to the first power and so on up to 25 or 8.
If a pulse is missing, it is not counted, but it should be
realized that it does have significance in the sense that it
represents the absence of a particular pulse in a particular
position or zero. ‘

Applications and advantages.- From the foregoing discussion,

it can be realized that a receiver need only distirnguish the
presence or absence of a pulse to be capable of reconstructing
the original waveform. This factor is extremely significant.

It drastically reduces noise problems which reduce the effie-
ciency of many other modulation processes. To conclude this
brief discussion, it might be well to enumerate the applications
and advantages of PCM:

(1) As long as the signal-to-noise ratio is above



threshold, PCM signal-to-noise ratio (8/N) is independent of
carrier S/N; thus, the S/N of PCM is constant.

(2) PCM provides an exponential increase of S/N with
bandwidth.

(3) PCM is ideal for relaying purposes because as long
as the carrier signals are well above threshold, no noise is
added by individual links in the relay chain. For this same
reason, PCM is ideal if the code groups are stored as such
or fed into digital computing equipment because no additional
quantization noise ig introduced.

(4) The necessity of a linear system can be waived
since the circuitry need only distinguish absence or presence
of a pulse. As a result, a large part of the system can be
guite conservative in design since component and input toler-
ances are far from critical in many cases. This greatly
increases, system reliability. ’

5) Data reduction time can be reduced.
( |

(6) Complex systems can be constructed with simple
components. This immediately points out the advantage of
ease of manufacture and maintenance.

(7) A wide variety of tasks such as a logical operation
(arithmetic) are quite adaptable through the use of digital
computers and discrete servosystems.

The advantages and applications Jjust enumerated may be
summarized by saying that pulse-type systems offer extreme
flexibility and excellent reliability. The advent of pulse-
type circuitry has allowed the state of the art to developp
to technigques which perform functions once impractical with
conventional techniques.

4,0 PCM DATA REDUCTION FACILITY

Since this paper deals only with a PCM reduction facility,

no effort shall be made to suggest or describe a PCM telemetry
system except for a very brief introduction to the telemetered
signal. There will be no discussion of any particular analog
word structure, analog signal level, primary frame size, frame
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identification, word synchronization for telemetry, individual
channel sampling rate, bit rate, digital input, or PCM output.
A general reduction system which can handle a variety of para-
meters will be presented.

Incoming signal.~ As was previously shown in figure 3, the
transducer output is sampled, quantized, and digitized. The
sampling rate must be high enough with respect to the maximum
frequency signal in the sample input so that intolerable errors
are not introduced in the sampled data pulse train. These
errors are caused by "frequency folding" of the original
frequencies about the sampling frequency, in the resultant
sampled data frequency spectrum. The digitized output shall
be referred to as the analog-to-digital converter (ADC) output.
The filter for the ADC output commonly has a cutoff freguency

of approximately % the bit rate. Current figures show bit

rates ranging from as low as 64 bits per second to as high ag
500,000 bits per second. The output code is a standard IRIG
serial NRZ signal. It is realized that this statement is open
to discussion as to just what is meant by "standard NRZ signal."
Actually, it might be better to say "modified" NRZ - a tran-
sition at each change of state. Pure NRZ has a transition at
every "one" bit. This system ig not used to any extent. The
NRZ signal is applied to the input of an FM transmitter.
PCM/PM and PGM/AM may also be used. Proper time sequencing

of all multiplexing switches and d-c restoring switches is
accomplished by a program unit. This unit also generates a
frame synchronizing signal which, for example, could be a
"word" (an ordered set of characters which is the normal unit
in which information may be stored, transmitted, or operated
upon) of all binary "one's." The ADC usually cannot genersate
any data which would make up a "sync word" except during the
frame synchronization period.

Figure 4 is a simple block diagram of a one-channel PCM
system.

System.- A flexible PCM data reduction facility should be
capable of accepting the output of the airborne system either
in real-time (directly from the receiver) or from a tape
recorder during playback. The purpose of the following system
breakdown is to present the functional operations of a PCM
reduction system in a logical manner. There might well be
disagreement as to the importance of the parameters discussed.
Some portions of a PCM data reduction facility are merely
mentioned in passing, whereas others are covered in some detail.
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Figure 5 attempts to pick up loose ends by presenting a
complete system in block diagram form.

Signal detection and regeneration.- The incoming PCM/FM

signal from the receiver or tape playback unit must be

detected and regenerated in some manner. If a tape playback
unit is used, it is almost always necessary to incorporate

some means of providing variable delays to correct for static
skew in the tape record heads, and some type of summing net-
work to correct for signal dropout. Pulse detection is commonly
accomplished by a decision circuit, the purpose of which is to
decide whether or not a pulse is present. The decision circuit
usually has two inputs. One is from a bit rate detector and
the other is from the receiver. The bit rate detector operates .
on transition pulses in the signal to phase-lock an oscillator
with the incoming NRZ pulse train. It then serves two purposes.
A clock-rate sine wave and a clock-pulse are generated for tape
recording and logic circuits respectively. The decision circuit
(commonly a slicing circuit with d-c restoration) makes use of
this clock-pulse along with the incoming signal to reconstruct
the incoming signal and then feed it to an accumulator. At

this point, the accumulator output may be fed to a digital

tape recorder with a format suitable for computer processing.

As the pulse train from the receiver is fed into the bit rate
detector, it is differentiated and rectified. This output,
which is a positive going pulse train where each pulse repre-
sents a transition in the input wave, is fed into a level
detector which cancels out noise pulses of less amplitude
than the signal. A phase discriminator then compares a phase-
lock oscillator with this output so that the oscillator can be
gquickly locked to the same frequency as the input pulse train.
The time constant of the phase discriminator is usually such
that it will maintain synchronization during short signal
dropouts.

The decision circult accepts the incoming signal and compares
it to the incoming waveform in a differential amplifier. This
output 1s normally fed to a Schmitt trigger which makes a
continuous decision. The trigger decides whether a "zero" or
a "one" bit is present. The output is fed to a multivibrator
(bistable circuit) which is triggered by the clock rate. The
output of the multivibrator is the regenerated pulse train.

Synchronizer.- The synchronigzer is the heart of a PCM system.

In some cases the bit rate detector, accumulator, decommutator,
and decision circuit are part of the synchronizer package. It
is the master control unit of a PCM system. Besides providing
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control logic, the synchronizer is an accumulator providing a

parallel data outpubt to the digital-to-analog converter and
some type of computer format translator.

The two phasing conditlons necessary for proper synchronization
are proper framing of each word and designation of each word
with respect to the entire data frame. This dictates a need
for word synchronization and frame synchronization. Frame
synchronization is both a necessary and sufficient condition
for data synchronization. Bit and frame rate are the only
two types of synchronization necessary. Once determination
of the major frame synchronization rate has been accomplished,
the bit rate can be used to sequence and reset counters in
the decommutator (see section 4.2.3) without using word
synchronization. If by some chance there is only acquisition
of the minor frame rate, certain channels of information will
be rendered useless. If all channels are to be reduced, frame
synchronization must be acquired. ’

The synchronizer searches for and locks on the synchroni-
zation codes present in the serial PCM data. The two major
inputs to this unit are the reconstructed pulse train from the
accumulator and the clock pulses from the bit rate detector.
Its operation depends upon these two known inputs. The syn-
chronizer must know the exact nature of the code and the rate
at which it occurs. Noise within the communications channel
can change the nature of the code even though the repetition
rate does not vary. Consequently, there has to be some
allowance for error in the synchronization code. Any synchro-
nization pattern recognizer must, therefore, employ the
autocorrelgtion properties of the incoming signal. Once
synchronization has been achieved in the search mode (accom-
plished once properties of code configuration and repetition
rate have been determined), some type of synchronization
separator should go into the synchronization mode where it

is locked on to the incoming synchronization code and will
flywheel during short signal dropouts. After locking on,

the synchronization separator controls the phasing of the
counters in the decommutator. A synchronization separator
can be divided into two parts - one part recognizes synchro-
nization patterns and the other provides the necessary logic
to distinguish between the search and synchronization modes
of operation.

4.2,2.1  Synchronization pattern recognizer.- This circuit, used for
major and minor frame synchronization detection, must be
capable of correcting for synchronization pattern corruption
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by errors and premature. "sync' indication.

Control logic.- This circuit insures that the output of the
synchronization pattern recognizer is correct by correlating
repeated recognition pulses with the known repetition rate.
Control of the search and synchronization mode control logic

is accomplished through the use of major and minor frame
synchronization recognition pulses received from the synchro-
nization pattern recognizer.  Bit rates, furnished by the bit
rate detector, are also involved in the control logic. The
output is fed into the decommutator in the form of reset pulses.

Decommutator.- The complexity of the decommutator depends upon
the form of information output desired. It can become espe-
cially complex, for example, if certain syllables or parts of
a word, rather than the whole word, are desired. The decommu-
tator discussion is far from a complete analysis and is merely
intended to present a brief functional description of one type
of decommutator.

The decommutator obtains its input from the synchronization
separator. The two inputs are the bit rate and reset pulses.
Rather than directly decommutating the analog data, the
decommutator generates properly phased control pulses for the
digital-to-analog converter at the digital level. The outpub
of the decommutator is a number of control pulses.. A patch-
board should be available so that control pulses may be
selectively programed to yield control pulses to the digital-
to~analog converter. The decommutator usually consists of a
bit counter, a syllable counter, and a frame counter. The

bit counter (driven at the clock rate by the bit rate detector)
supplies stepping pulses to the frame and syllable counters.
Proper phasing in all three counters is provided by the major
frame rate and word rate. ocutpute from the synchronization
separator. The syllable and frame counter outputs are the
inputs to the decoding matrices. The output of these matrices
should be control pulses to a patchboard. The syllables within
a major frame recombine to represent the analog chanhels.

Digital~to-analog converter.- The digital-to-analog converter
consists of a holding circuit and decoding network.

Holding circuit.- Although the holding circuit for a digital-
to-analog converter could be either analog or digital, a
digital system should be used since it offers greater accuracy.
The inputs to this network are the decommutatbtion control pulses
and the information from a data bus.
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Lh.2.4.2 Decoding network.- The output from this network is the desired
analog signal.

k.3 Tape recorders and receivers.- Tape recorder and receiver
blocks are definitely major parts of a data reduction facility
intended to have real-time as well as tape playback capability.
These items were not covered in any detail, however, since they
are not peculiar to a PCM system. A digital tape recorder
would be incorporated for recording tapes for computer proce-
essing. In this case, the signal would be taken from the
output of the synchronizer and fed into a computer format
control unit (computer language translator) which would
finally feed the proper record signal to the tape unit.

L4 General .~ There are, of course, many other components involved
in a PCM data reduction facility, such as PCM simulators
(provide varisble bit rates, amplitude outputs, progrsmable
binary codes, selectable "sync" codes, output clock pulses,
channel sampling rates and formats), calibrators, etc., which
do not necessarily merit discussion in a preliminary paper.
One final point might be made. The system described is .quite
flexible in the sense that it offers real-time input, tape
playback input, analog output and digital output. Many facil-
ities would not require this much flexibility.

5.0 EXTISTING FACILITIES

It would not be feasible to attempt to modify existing range
reduction facilities for PCM capability due to the completely
different format of PCM.

5.1 Receivers are the only major existing items that need not be
modified. Even such a flexible thing as an analog tape recorder
cannot be modified for digital work without almost completely
replacing the tape transport. A few examples might be cited:
An analog recorder has a relatively long start and stop time
compared to a digital recorder. This time cannot be tolerated
in a digital recorder which goes to elasborate means, such as
buffer storage and vacuum storage, to insure that the tape has
reached operating speed when an information record is presented
to the heads. In analog recording, "wow and flutter" (instan-
taneous tape speed variation) is very important and "skew"
(deviation of tape from normal path) is of lesser consideration.
There is a complete reversal in the importance of these factors
in digital recording. Digital recorders use careful tension
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5.3

control along with extra long tape guiding troughs to correct
for possible tape skew. In general, analog recorders are out
of phase in their requirements as compared to digital recorders.

Atlantic Missile Range (AMR) is in the process of orientating
itself towards PCM capability. They have not, however, attempted
to modify existing facilities. WNew equipment has been purchased.
It was definitely concluded that modification of present equip-
ment was not practical.

The incompatibility of existing facilities with PCM might
suggest a compromise between the two — such as PACM (a com-
bination of PAM and PCM). This paper will not attempt to
carry a hybrid system discussion to any further extent. It is
intended merely to make g few points:

(1) If any form of a PCM system is used, new equipment
must be purchased. :

(2) Since facilities already have PAM capability, use of
the increased flexibility could be made.

(3) A hybrid system is a possible solution and definitely
merits some consideration.

It is realized that use of & hybrid system would definitely be
dictated by airborne requirements rather than ground.

6.0 PCM STATUS CHARTS

The three charts presented here are taken from "A Survey of
PCM Progress" by R. L. Sink. Chart I is a listing of some
identified PCM telemetry programs. Chart IT lists the
operating parameters of currently active PCM systems.

Chart III tabulates experience concerning telemetry trans-
mission of PCM from a moving wvehicle to a receiving site.
These charts are up to date as of May 1960.



PROGRAMS OF PCM TELEMETRY EQUIPHENT

GHART §

ACTIVE USE PEND IHG SERVICE(3) OUT OF SERVICE IN-DEVELOPMENT
)

s N A— nia — N 7 —A— ™
EQUIPHENT Space | Holioman | Douglas (North Ameri<q Jet Propul+] Northwestern| Republic| Northrop General |gglin WADC North Ameri={ Martin Co. Boeing A. C. Spark| Jet Propul-
OQWNER Tech. ADC Aircraft{can Aviatiod sion Lab. | Univ.-Aerial|Aviation |(Hawthorne)| Electric | AFB can Aviation |(Bal timore) {Seattle) . Plug sion Lab.

Labs. {Santa {Columbus) Sperry Measurements| H.A.T.C. (Edwards) {Los Angeles) {Milwaukee) | Sponsor

#onica) {utah) Lab. {BuAer-} Patuxent
Sponsor)
nESig~ Tele~ | Mark 11 ADHS Mars (Sergeant SPCH- Project AN/AKT-M(“) Daisy i1 YP6EM-1 {Minuteman (Titen pigilock
NATION bit Missile) lggﬁIs Advance System Program) Program)
s
MANUFAC- | Space |Radiation| Datatab N.AA. ¢-¢ Elec~ | Datalab gpsco |Radiation | Radiation)Epsco Radiation(5) H.ALA. Martin (Sys- | N.A.A.-Auto-{ Radiation {Space Elece
TURER Techs Division| Columbus | tronics - Division : tem Eng.) and| netics and tronics
Labs, of CEC Gulton Ind of CEC and three Sub~ |Radiation
Hoith= contractors
western
. Univ.
4o, OF 6 ! 4 2 Approx. i 3 1 3 1 No infor=- } 1 None tone 1 ordered.
SYSTEMS 30 mation del Ivered delivered {jone
del Ivered
80, i.%i“) 143 1 3 i Approx. 0 0 .0 0 No in- | HNo infor- [} 1(6) 0 0 0
ACTIVE 30 forma~ |mation
USE tion
%o, HRs. | 72008)] g 2% to 30| 5 1 (Per 0 0 0 o No in~ |No infor- |50 Flights 10 0 o o
USED PER System) forma~ | mation 1957-1958
B0, TO tion
GATHER
DATA
MOTES: (i) Active use is defined to include oniy those equipments that are being used (4) AN/AKT-14 Systems have also been delivered to Convair-Astronautics, and
in 3 data gathering situation where the primary effort is not to prove Emerson Electric.
operation of the PCM system. Spare systems or components are not listed
as active. : (5) Radiation, Inc., did not have antenna transmission or reception responsi-
bility on AKT-14,
{2) One successful flight in Explorer Vi. Telemeter went silent in approxi-
mately 1500 hours. (6) installed in flight test aircraft from January through July 1959, during
which time system de-bugged and used to acquire data to complete test

{3} Additional programs are believed to exist but information was either obscure program. Termination of Seamaster contract interrupted further use of

or could not be obtained. system. .

T



CHART 1]
OPERATING PARAMETERS OF PCM SYSTEMS
EQUIPMENT Space Tech.| Holloman Douglas Air- |North Ameridq Northwestern|Jet Propulsion | Republic General Eglin Boeing A. C. Spark iJet Propulsion Martin Co.
OWNER Labs. ADC craft (Santa |can Aviation Univ, (Aerial Lab, Aviation Electric AFB (Seattie) Plug - Lab. {Baltimore)
Monica) (Columbus) | Heasurements] Sperry (utah) | N.A.T.C. (Edwards) (41 lwaukee) Sponsor
Lab.) Patuxent
WORD 12 Hax. 10 10 + Sign for |9 + Sign 9 + Sign for/12 Data (BCD) 9 + Sign 11 for Data 9 + Sign | B Data mixed 27 of 8 Ana-| 16 Total 11 Data
STRUCTURE 10 Digital Data Data 4 parity 3 Event 1 Parity | 3 Event |with Computer log, 8 Digi=-[5 Data + [ 1 Parity
(No. of or 1 Parity 1 Parity. |6 Word Ident. | 1 Parity 13 Digi~ | Data tai, 8 Ana- |Redundant 1 Word Sync
Bits) 6 Analog 1 Event 1 Random 8 other 13 Digi= tal Total of 27 fog + 3 1 Timing and
+ & Other Events tal : Word Sync Frame Sync
FRAME LENGTH 11 32 20 to.110 180 20 to 50 + 12 10 Analog |90 Analog |25 Analog | 30 Millisecond 30 1000
(Words) Yinserted +15 Digi- [+ 10 of ¢ 2 Intervals
Words at Event tal Special Digital
Periods Marking + 2 Time
SYSTEM SPEED | 1,8, or 64| 264,000 at | 455,000 Max. |100,000 385,000 Max.| 3,360 350,000 280,000 |325,000 | 345,600 72,800 ko9, 600 14,000
(in Bits per | at 6 Sam- | 24,000 at 35,000 Sam=- | 10,000 Sam-] 1,280 to 120 ssmples/ Max, Hax., 25,000 25,600 Samples/ |& 10% 25,600 Sem=
Sec.} ples/Sec. | Samples/ ples/Sec. ples/Sec. 32,000 Sam~ | Sec. 25,000 Sam={20,000 to |Samples/ | Sec. Analog Data, ples/Sec.
Max. Sec. ples/sSec. ples/Sec, |2,500 Sam=|Sec. 12,800 Samples/ Max.
ples/Sec. Sec. Digital Data
SIGNAL SOURCEY 16 (Sub- | 32 at 100 Prime + 180 at 50 at + 5V |12 at & 5V 32 st 5V |25V F.5. {5 250 328 Max. at 5V |64 at 5.10 |30 500 at + 1V F.S
(No. of Ch§ﬂ* com) 10,23v F.S.} 10 MY F.$. Eachly 25 MV F.5. and up |F.S. 13 at SMV |or &£ 10MV |MV F.$., or 16+ at |volts F.$, |Analog 600 at & 30MV
nels and Sig~|{ 0-3V F.S5. jor 7 MV Prime Channel |F.S. to 16 25 at 5V F.5. in 23 % 20My F.S., or +5 8-Bit |0~5V F.S. F.5. {(Any com=
nal Levels) 3 {(Prime) F.§. at may be Sub-com 10-Bit Digi~ 20 at 25MV | Groups of } 500V combination of Digital In- | 10-Bit bination
0-3V F.S. Amphfler' to 10 or 100 tal Inputs. 15 13«Bit {15 High and Low puts + Com— [Digital in- total ing 1000
6 Digital |or 32 Digi=| Channels + loMY Special Digital Level puter Input | puts Channels per-
fnputs tal Inputs | F.S. Total max. Events may Inputs : missible)
capacity 10,000 expand
Channels, 20 frame size
11-Bit Digital
Inputs
RESOLUTION 1/64 171023 " 1/2045 1/1023 171023 1/1000 171023 1/2016 | 1/1023 1/256 1/256 1/32 1/1000
ACCURACY 2% 0.4% i Bit at 5V 1% + 1 Bit 0.2% 3+ 0.1% for] * 0.2% of|2 0.2% Not known 1% k'3 0.3% for 1 V
0.2% at 10 HY 5V; & 1.0% F.S. 1.0% for 30MY
for 25MV
SYNCHRONIZING .
A, Frame Unique Code] AM Modula= } Unique Word Separate Unique Word |None. (Each Unique Unique Unique 3-Bit Combined Classified | Unique Word Separate Track
Al] "ot tion super=|Al} '"I's Track on All tprgn word has Word Word Word VWord and Frame on Tape
imposed on Tape distinct AT ptgt [AIT YHis®
FM Modula~ identification)
tion .
B. Word 0-1 Uses Frame |0-1 Transition |Recorded Recorded m 0-1 Recorded |0-1 3 Bits Must have pricr| Recorded Only
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TELEMETRY TRANSMISSION OF PCM

(EXISTING SYSTEMS)

FADE EXPERIENCE

Not reported

Altitude-sensitive. Some
evidence of multi-path
fading due to reflection
from near~by buildings.

froblems from multi-path
fading from metal post at
track, rails of track.
primary transmission prob~
iem attributed to AH sync
pulse method,

EQUIPHMENT OWNER Space Tech. Douglas Aircraft Holloman N.A.T.C. Jet Propulsion Laboratory
Laboratories (santa Monica) ADC Patuxent Sperry, Utah
TRANSMISSTON 2)
FREQUENCY 378 MC 1450 HC 800 MC 1435 = 1535 MC 258.5 MC
$PECTRUM USAGE 3 X Bit Rate 2 MC 2 MC -
POWER 5 Watts 4o vatts 10 Watts 20 vatts 2 Watts
TRANS. ANT, GAIN 0 DB 0 08 1 pp" 4 pB 008
BIT RATE 1, 8, or 64/Sec. Up to 525,000/Sec. 264,000/ Sec. 512,000 Max./Sec. {3)
MODULATION  PCM-FM-PM PCH=FH PCHM=FM + AM Sync. PCM=FM PCH~FM~FM
(Bi-Phase Sub~Carrier)
RECETVER (1)
ANT, GAIN 27 0B 10 0B io 0B 8 0B
1.F, BANDWIDTH 2 ue 3 MC 6 HC 0.3 #C
NOISE FIGURE 808 6 08 8 pB 100 DBM
SYSTEM DESIGN LOSS 162 DB
DESIGN DROP=OUT RATE 1 x 102 1 x 1076 1x107° Not specified 1 x 1074
EXPERIENCE None ta date
DESIGN RANGE 500,000 Miles at 64 Bits/Sec. 100 Miles at 5000 ft. Alt. 3.5 Miles at &nd, Level Not stated
ACTUAL RANGE 125 Miles at 6000 ft. Ait. 3.5 Miles 80 Hiles

Data not extensive enough
to draw positive conciu~
sion.

B

{1) vVarious receiving sites at Hawaii, Cape Canaveral, Manchester, etc.
(2) Parallel output to seven FM sub~carrier oscillators,

{3) RF link multiplexed with other information besides PCH.
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